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The basic principles of trophic level 
and source determinaitons
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Choice of tissue …..
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Metabolic routing: where does the element come 
from in your isotopic measurements?….
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Isotopic discrimination and 
elemental turnover ….



Stable-N isotope discrimination
(non herbivores)
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Cherel et al. 2005,Hobson and Clark 1992, Bearhop et al. 2002, 
Evans-Ogden et al 2004, Hobson and Bairlein 2003, Mizutani et al. 1992.
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High protein diets:
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Tissue turnover ….

Y = ae(-bt) + c

T[1/2] = 0.6932/b



Using a wind tunnel and isotopic 
dietary shifts to mimic migration

Max Planck Institute for Ornithology



Principles of isotopic tracking

Animals move between unambiguous 
isotopically distinct “landscapes” and their 
tissues retain this information.
Information “time window” depends on 
tissue chosen.
Physiological aspects of movement and 
migration are understood in terms of 
turnover, metabolic routing etc.



The isotopic clock and movement
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Forensic applications are broad:



Some avian applications:
1. Game bird management



2. Movement of contaminants



3. Disease tracking: Avian Influenza



4. Connectivity and stable isotope 
tracking …….

Idea from Webster et al. TREE 17:76-83



5. Seasonal interactions …



0.07251371,313Sw. thrush
0.072028,194W. flycatcher
0.09704824,013Myrtle warbler
0.09256275,222Am. redstart

0.105354,218R-t. 
hummingbird

0.587913.673Sp. sandpiper
0.8619622,897Logg.shrike
2.667426,308Merlin
11.1142,4491,286,499N. Pintail
14.8878,7045,935,960Mallard
19.9594,1142,991,538Canada Goose

%recap Banded Species

N.A. avian band recoveries (1955-2000)



So, banding doesn’t work, Can we 
use isoscapes?

Latitudinal/altitudinal gradients (δD, δ13C)

Terrestrial-marine (δ13C, δ15N δ34S)
Inshore-offshore (δ13C , δ34S, δ15N)
C-3 vs. C-4, CAM (δ13C)
Xeric vs. Mesic (δ13C, δ15N)

Surficial geology (Sr, Pb, others)



From Schell et al.2002



McMahon and Thorrold
Woods Hole



δ13C, δ15N

Mesic to xeric isotopic gradients help “locate”
individuals and their tissues …



Barn swallows from Denmark are 
not all wintering in the same part of 
Africa …

0

5

10

15

δ1
5N

 (p
er

 m
il)

-25 -20 -15 -10 -5 0

δ13C (per mil)
Møller and Hobson (2004)



Population 
heterogeneity ….
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Using three stable isotopes to 
distinguish migrants from residents

Photo:Wyman Meinzer, USFWS



Wintering habitat determines arrival time 
on breeding grounds

Marra et al. (Science 1998)
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Carry over effects ….

Reudink et al. 2009



Reudink et al 2009



The BIG breakthrough: Using 
deuterium …..
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The mean annual precipitation δD 
pattern:

Bowen et al. 2005



Hobson and Wassenaar Oecologia 109:142-148

How does this pattern translate into  
bird feathers?



North American Continental Pattern
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For most birds …
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Using δD to track Monarch 
migration ….



Two populations, one long distance 
journey ….



Previously, tagging was used:



Needle in a haystack?



How to create an isotopic base map?



Monarchs can be “grown”
anywhere!



The basemap for the year of interest:



Docykx et al. Ecol. Applic., in press 

Origins: 50% of the population is 
produced in the US cornblelt:



Meteoric relationship preserved in 
Monarch Butterflies
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Other isotopic delineations of 
population structure …

Rubenstein et al. (Science 2002)



“Leapfrog” migration revealed ..

Kelly et al.  (Oecologia 2002)



Altitudinal gradients 
are recorded in 
hummingbird 
feathers:

Hobson et al. Oecologia 136:302-308



The feather isotopes follow large 
scale trajectories in precip δD
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Origins of hunter-killed Sandhill
Cranes?



Toenails or feathers?
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Saskatchewan (AHY)

Combining isotope results with the 
isotope basemap GIS layer ….



All HY







Moving beyond the “map lookup”
approach …..

Propagate error 
associated with 
analytical 
measurement and 
geospatial models of 
δDp.

North American Continental Pattern
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Converting to δDp units
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Within Site “Errors”
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Incorporates:
• analytical error
• individual heterogeneity



Observed Distribution of errors
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Fit distribution to errors
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Propagate errors (simulation)

1000 simulations per measured δDf (in δDp
units)

Where:
Mean = measured δDp equivalent value of 
feather
SD drawn at random from estimated error 
distribution



Origins of Woodpigeons killed in 
France

Long-range migrant (winter in 
southern range of Europe)

Medium-range migrant 
(winter in France)

sedentary

Several distinct populations with
specific migratory traits





Constraining Origins



Constraining to Potential Range



Constraint- Elevation



Reduced solution space- remove 
high elevation



GSD- for reduced range



Assignment of Origins
 

δD precip

-200 -150 -100 -50 0 50 100

P
ro

ba
bi

lit
y 

D
en

si
ty

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

Probability Density
0.00 - 0.10
0.11 - 0.20
0.21 - 0.30
0.31 - 0.40
0.41 - 0.50
0.51 - 0.60
0.61 - 0.70
0.71 - 0.80
0.81 - 0.90
0.91 - 1.00

Probability Density
0.00 - 0.10
0.11 - 0.20
0.21 - 0.30
0.31 - 0.40
0.41 - 0.50
0.51 - 0.60
0.61 - 0.70
0.71 - 0.80
0.81 - 0.90
0.91 - 1.00

Probability Density
0.00 - 0.10
0.11 - 0.20
0.21 - 0.30
0.31 - 0.40
0.41 - 0.50
0.51 - 0.60
0.61 - 0.70
0.71 - 0.80
0.81 - 0.90
0.91 - 1.00

A)





Limitations of the BBS for Boreal 
Birds
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Yellow Warbler (Fall)

LMBO, BBO, LSLBO TCBO, DMBO Maritimes, Quebec, Ont.



West Nile Virus exposure in N. 
Cardinals

2002 2003
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WNV in Gray Catbirds (2003)



For North Africa …

Bowen et al., 2005



3-dimensional isoscape for trans-
Saharan migrants ….

δ13C

δ15N

δD



Bowen, unpub.



What about Asia?





3 useable zones?
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Growing season contour plus ‐28‰ discrimination factor



Of use for N-S movements
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Freshwater isoscapes (δD)?



Scaling down: Can we use more 
local isoscapes?



Local-scale isoscapes: Nebraska
Here is a “deer isoscape”
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Human Hair

Ehleringer et al. (PNAS 2008)





Murder investigation …



Human tooth isoscape …



Trace element/heavy isotope

Compound specific
Mass spectrometry


